Changes from 2013 NRL Plasma Formulary to the
2016 NRL Plasma Formulary

> p. 32
from Lo
11/2 AN
—6.8x 108 (1 + “) T3/
[ I
to 11/2 /
_ 68 x108% (1 + “) T3/
N N
> p. 37

'frictional force’ and ’electrical conductivities’ formulae changed to

R, = ?(O.Eﬂj” +j1); oo = ne*r./me
0

This reflects the definition of R, in the Braginskii formulation. Earlier
versions of the NRL plasma formulary referred to the variables o and
o as 'conductivities’ or ’electrical conductivities’ in the definition of
the frictional force R,,. This has caused some confusion (brought to my
attention by several plasma physicists) and the above formula should
dispel any confusion.

> p. 34
The expression for electron-ion collisons (b) in the cold electron limit

should be
)\Ei = )\ie — 16 - ln <n2/2717;73/222/’1’>

for T, < T;(me/m;).

> p. 35

The factor 35 in the expression for A;: has been changed to 43.
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We re-derive the Coulomb logarithm for counter-streaming ions in the presence of warm electrons and obtain
a different result than the one given in the NRL Plasma Formulary (2013 edition).

I. RE-DERIVATION OF THE COUNTER-STREAMING
ION-ION COULOMB LOGARITHM

The Coulomb logarithm for counter-streaming ions
with relative velocity vp = Spc in the presence of warm
electrons (kT;/m;, kT /miy < vl < kT./m.) is given in
the NRL Plasma Formulary (2013 edition, top of p. 35)

as
ZZ/ / e 1/2
Aiir = Ay = 35 — In AR <n> ;o (1)

' Bh T.

where T, is in eV and cgs units are used throughout,
consistent with the convention in the NRL Plasma For-
mulary. Unprimed and primed variables correspond to
test and field particles, respectively.

In some cases that are clearly weakly coupled, A;;s falls
below unity as calculated using Eq. (1). For example, for
counter-streaming Al-Al collisions with p = y' = 27,
Z =27 =20,vp =20 km/s, T. = 2.2 eV, and n., =
6.5 x 104 cm™3, \;; = 0.325. This prompted us to check

J

&2 (u+u)27 (4.8032 x 10710)2

Eq. (1) for accuracy.
The definition of the Coulomb logarithm is

A=InA=1In (rm‘“) , (2)

Tmin

where in this case

kTe 1/2 ) Te 1/2
Tmax — )\De = (W) =7.43 x 10 <ne) [Cm]
. (3)
an
/,2
Tmin = b = ieg [Cm]v (4)
miiv?,

where b the distance of closest approach between
two counter-streaming ions with reduced mass m;;; =
mymg /(m; + my) and relative speed vp. Here, we as-
sume that b is greater than the de Broglie wavelength
h/mii/vD.

We re-write b by pulling out numerical constants:

(n+p)zz' (n+p)zz'

-~ mpc? pp'(vp/e)?

1/2
)\“‘/ =InA=In 743(Te/ne)

(1.6726 x 10~2%)(2.9979 x 1010)2

i B

The discrepancy between the numerical factors 43 [in
Eq. (6)] and 35 [in Eq. (1)] is exactly accounted for
if the constants k = 1.6022 x 10712 erg/eV and e? =
(4.8032 x 10719)2 statcoul? in Eq. (3) are ignored (thanks
to G. Swadling of Imperial College for pointing this out),
which would change the numerical factor of 743 to 0.282
in Egs. (3) and (6). This seems like a plausible mistake

1.5347 x 10—16 wtn) 22’

=1.5347 x 10716 5
Lt 5% [ 5% )

(

Plugging Egs. (3) and (5) into Eq. (2), we obtain

=43 —1In
put' B T.

22'(n+w) (%)1/2] | (6)

(

to make in the original derivation of Eq. (1).

Using the Al-Al parameters given earlier, we get b =
1.02 x 1078 ¢cm, Ape, =4.32x 107° c¢m, and A;; = InA =
8.1, a more reasonable result for our weakly coupled
plasma.

In summary, we propose that Eq. (6) is the more cor-
rect expression for the Coulomb logarithm for counter-
streaming ions in the presence of warm electrons.



Coulomb Logarithm
NRL Formulary p. 34
J.D. Huba (04 April 2016)

r

A=InA =" (1)

T'min
Tmin 18 defined as
€l
Tmin = = ?2 (2)
Mapt

where

maem

ma[g:ai’g and 1 =v,—vg
Mo + Mg

for « =i (ion) and 8 = e (electron) and from Justin Ball find that

3KT;
u’ =

m;

(3)

where k is the Boltzmann constant and assumed that T, < T;(m./m;). Thus,

Mie = M. and

Ze? m,;
Tmin = -
3kT; m,

(4)

Tmax 1S defined as

n’y€2 —1/2
o= (17257 ®)
Y
which we write as
KT, 1/2
Tmax = (6)
4mn; Z2e2

using (4) and (6) obtain

KT \'"? 3kT,m
InA =1 : S 7
. . <47rn1»2262> ZeZ m; (7)

332 m,\ T
2ml/2e3 mi>

].HAZIH < W



3k32 m, MZQni/Q
A= <WW>—IH( T

(2

calculate constant (first term above). first,

k= (1.38 x 1071%)(1.16 x 10*) = 2.02 x 107
where 1.16 x 10* is a conversion to eV

e = (4.80 x 10719 = 1.11 x 107

Me

—¢ =546 x 107*
m;
so we get
3k3/%2 m, 6
and so

3k3/2 m,
In (

_ 6\ -
27T1/2637m> =In(8.41 x 10°) = 15.94 ~ 16

so on p. 34 of NRL plasma formulary should have

/\ei = >\ie =16 —1In (n;/QTf?ﬂZQ#)
for T, < T;(me/m;).

(10)
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from Reviews of Plasma Physics (Consultants Bureau, New York, 1965)
ed. M.A. Leontovich, p. 105

‘Particle Interactions in a Fully Ionized Plasma’

B.A. Trubnikov

eq 18.5 (p. 189)

/8
rel? = L (1)
(1+me)n
where
/2 1 3/2
_ _ & _ M a/ﬁ:(ma)l €l
H=ulag), zp Ts  maT5’ K 2 meles Ang

limiting cases for u(z) (p. 177, eq 15.10)

43/2
3(ﬂ.)1/2

plx) =
1 r>>1

1. fast case (x5 >> 1):

12 1 (1 1\
To/8 M = 5 < ) (2)
(1 + mo,> Mo m mg
mg
1 1 1
V;l/ﬂ =75 X miﬂ( > (3)
Ts me mpg
set m, = pr and mg = ' and obtain
VS m}/2< ! 1,> (4)
m, o m,



2. slow case (z3 << 1):

pla) =2 7l

substitute into Eq. (1)

o (MmN mi?(ma\ P me mlf® ma 1
SR e I T A e R o
mg mg 6 Ma
thus,
1/2
1
p/B = o P 1+m5
° Tg/ﬁ m mey
and



